؉ -Li ؉ countertransport in erythrocytes and the cytosolic free Ca 2+ concentration in platelets were determined in 36 men from families with essential hypertension in at least two close relatives and in 28 age-and weight-matched men from families without hypertension. All had diastolic blood pressure consistently below 90 mm Hg and a normal oral glucose tolerance test. The mean age of the study population as a whole was 37 years (range 24 -46). Insulin sensitivity index values (glucose
Introduction
Insulin resistance is associated with essential hypertension. 1, 2 It has also been demonstrated, by us and others, that insulin sensitivity is decreased in normotensive individuals with a family history of hypertension, as compared to weight-matched controls without such a family history. [3] [4] [5] [6] An increase in erythrocyte sodium-lithium countertransport (NaLiCT) activity is one of the most consistent alterations in membrane ion transport that have been demonstrated in essential hypertension. [7] [8] [9] [10] [11] Recently it was also shown that increased NaLiCT activity might be a predictor of subsequent hypertension. 12, 13 It has also been suggested that increased NaLiCT activity might be a marker of genetic predisposition to hypertension, since NaLiCT activity has been reported to be increased in normotensive relatives of hypertensive individuals. 7, 14, 15 An inverse relationship between NaLiCT activity and peripheral insulin sensitivity has been demonstrated in hypertensive subjects, 16, 17 and also in a group of postmenopausal women including subjects with hypertension and/or glucose intolerance. 18 Increase in the platelet cytosolic free calcium concentration ([Ca 2+ ] i ) is also associated both with essential hypertension and with insulin resistance. [19] [20] [21] Correspondence: Dr Ingrid Mattiasson, Department of Medicine, University Hospital, S-205 02 Malmö , Sweden Received 3 March 1997; revised and accepted 12 November 1997 disposal/serum insulin concentration during the clamp) were lower in the familial hypertension group than in the control group, but the two groups did not differ in Na The aim of the present study was to ascertain whether a relationship exists between NaLiCT or [Ca 2+ ] i and the peripheral insulin sensitivity index or insulin concentration, a family history of hypertension being the operative factor.
Subjects and methods

Study population
The study population have been described in detail elsewhere. 3 The familial hypertension group (n = 36) comprised male offspring of families with documented, treated essential hypertension in both parents, in one parent and one sibling, or in one parent and one grandparent (maternal or paternal). The control group (n = 28) comprised men from families without hypertension.
The subjects included were 25-46 years of age, and had a diastolic blood pressure consistently below 90 mm Hg, a normal oral glucose tolerance test, and a serum gamma glutamyl transpeptidase concentration below 0.8 kat/L. None were on regular medication, and all participants were instructed not to take any kind of drugs during the week before the investigation and to adhere to their normal lifestyle. Informed consent was obtained from all the subjects before the study, the design of which was approved by the Ethics Committee of the Medical Faculty, Lund University.
Health screening procedure
The health screening was performed 1-3 months before the clamp investigation. The screening procedure has been described in detail elsewhere. 22 All investigations were performed in the morning after the subjects had fasted at least 10 h. For the calculation of waist:hip circumference ratios, measurements were made at the umbilicus and iliac crest levels, respectively, with the subject standing erect. An oral glucose tolerance test was performed according to WHO criteria (75 g of glucose). 23 Immediately after the oral glucose tolerance test a 6-min submaximal exercise test was performed using a bicycle ergometer and a workload of 100-225 W, depending on the subject's weight and reported level of physical activity. The mean heart rate during the last 2 min of the test was used for calculation of maximal oxygen uptake according to a reference table described by Åstrand. 24 A questionnaire was used to classify self-rated daily physical activity during work and leisure time.
Blood pressure was measured intra-arterially immediately before the clamp investigation, using Baxter's uniflow pressure set model DTS 150 (Santa Ana, CA, USA), and was monitored on a Nihon Kodhen Life Scope 6 model OEC-6105K (Tokyo, Japan).
Plasma values of aldosterone, renin activity, atrial natriuretic peptide and parathyroid hormone were determined with RIA techniques [25] [26] [27] [28] [29] immediately before the clamp investigation.
Insulin sensitivity
Insulin sensitivity was assessed with the 2-h euglycaemic hyperinsulinaemic clamp technique. 30 Insulin (Actrapid Human®, Novo Industries, Copenhagen, Denmark) was infused at a rate of 47 mU/m 2 body surface area per minute, aiming at a final insulin concentration of about 100 mU/L. The target plasma glucose level was 5.0 mmol/L. The coefficient of variation was 8.9 ± 2.8%, with no intergroup differences. The mean rate of glucose uptake (mg × kg
) for the final 60 min (ie, M 60-120 ) was used as the indicator of insulin sensitivity. The M/I ratio (the amount of glucose metabolised per unit of plasma insulin × 100) was used as a measure of peripheral insulin sensitivity (I = the mean of the insulin concentration at 60 and 120 min). The reproducibility of the clamp method has been investigated in another study by our group, and found to be satisfactory.
Analyses were made in the morning before the insulin clamp was started, using the method described by Canessa and co-workers. 7 Briefly, packed red cells were incubated for 3 h in medium containing 150 mM of lithium chloride. After washing five times to eliminate external sodium, a 50% cell suspension was incubated either in sodium-free medium (75 mM MgCl 2 , 85 mM sucrose) or in sodium-enriched medium (150 mM sodium chloride) also containing 0.1 mM ouabain. Samples for analysis of lithium in the supernatant were taken at 5, 15 and 30 min of incubation. At the end of the incubation period, a sample was taken for haemoglobin analysis to determine the volume concentration of red cells. Lithium in the flux medium was measured by means of atomic-absorption spectrophotometry (Varian 1275). Lithium efflux (mmol/litre of red cells) was computed from the linear regression of lithium loss as a function of time. The intra-assay coefficient of variation was 9.2%.
Cytosolic free-Ca
2؉
Analyses were made in the morning immediately before the insulin clamp was started, using the method described by Hvarfner and co-workers. 21 Briefly, platelet-rich plasma was incubated with Quin 2-tetra-acetoxymethylester (Sigma Chemicals, St Louis, MO, USA). Another part of the plateletrich plasma without Quin 2 was incubated separately. After incubation, the platelet-rich plasma was adjusted to pH 6.5. Platelets were resuspended in calcium-free Hepes buffer and calcium was added to 1 mmol/L. Maximal fluorescence intensity was obtained by lysis of the cells. MnCl 2 5 mmol/L was added to obtain the unadjusted autofluorescence. In an aliquot of Quin 2-loaded cells, the extracellular concentration of Quin 2 was estimated by adding MnCl 2 5 mmol/L. Finally the signal from unloaded cells was recorded and Triton X-100 was added to estimate its autofluorescence. The [Ca 2+ ] i value was calculated according to the formula given in Hvarfner et al. 21 The intra-assay coefficient of variation was 12.3%.
Statistical analyses
Values are given as means ±1 s.d., or with 95% confidence intervals for the means (given in brackets). Differences between two groups were tested with Student's t-test (two-tailed). Tests for skewness and kurtosis were made for all variables. As serum insulin values and insulin sensitivity index values were not normally distributed, they were log transformed before being used in calculations. Relationships between variables were analysed by calculation of linear correlation coefficients and by stepwise multiple regression analysis.
The power to find a difference in NaLiCT activity that was 0.11 mmol Li + h −1 kg −1 cells and in [Ca 2+ ] i that was 30 mmol/L was 80% respectively.
Results
Baseline data for the two groups, the familial hypertension group (Relatives) and the control group (Controls) are given in Table 1 . Although all participants were defined as normotensive, Relatives was characterised by a significantly higher diastolic blood pressure. There was a marked difference in maximal oxygen uptake, values in the group of Relatives being about 20% lower than those in the control group.
Results of the glucose tolerance test and the clamp investigation are given in Table 2 . As the mean insulin concentration during the last hour of insulin infusion was significantly higher in Relatives than in Controls (116.3 ± 18.1 vs 99.1 ± 18.2 mU/l, P = 0.0008), the insulin sensitivity index (peripheral glucose disposal per unit of serum insulin = M/I) has been used to rank the subjects' insulin sensitivity. As previously demonstrated in a somewhat larger population, 3 including all the individuals analysed in the present study, peripheral glucose uptake was lower in Relatives than in Controls, and the insulin sum during the oral glucose tolerance test was higher, despite normal blood glucose concentrations.
NaLiCT
The two groups were comparable in the level of NaLiCT activity (Table 2 ). In neither group was the level of NaLiCT correlated to any of the following variables: body mass index (BMI), waist:hip ratio, maximal oxygen uptake, blood glucose concentration, serum insulin value, insulin sensitivity index, serum cholesterol, serum triglycerides, serum HDL-cholesterol, serum urate, systolic or diastolic blood pressure or the plasma levels of parthyroid hormone, atrial natriuretic peptide, aldosterone or renin activity. ] i was correlated to the waist:hip circumference both in the familial hypertension and the control groups (r = 0.38, P = 0.03, and r = 0.49, P = 0.008, respectively) (Figure 1 ), and to BMI in the control group (r = 0.39, P = 0.04). In neither group was [Ca 2+ ] i correlated to maximal oxygen uptake, blood glucose concentration, serum insulin value, insulin sensitivity index, serum cholesterol, serum triglycerides, serum Relationship between waist/hip circumference ratios and platelet cytosolic free calcium concentrations in the study population as a whole (n = 64).
HDL-cholesterol, serum urate, systolic or diastolic blood pressure or the plasma level of aldosterone, renin activity, parathyroid hormone or atrial natriuretic peptide.
Discussion
NaLiCT activity has been suggested to be a marker of genetic predisposition to essential hypertension. 7, 11, 32 The possibility exists that NaLiCT activity might be a better marker for the vascular complications of hypertension than it is for levels of blood pressure itself. 33 In epidemiological studies, NaLiCT activity has been found to correlate to body weight and triglyceride concentrations. [34] [35] [36] The common underlying factor might be insulin resistance. 17 We have earlier studied the relationship between NaLiCT activity and glucose metabolism in a group of postmenopausal women, and found correlation to exist between the serum insulin concentration and the level of NaLiCT activity. Glucose disposal was inversely correlated to NaLiCT. Blood pressure was correlated to NaLiCT activity only in the glucose intolerant group, indicating relationship to exist between metabolic disturbance and increase in NaLi pump activity. 18 Also in mildly hypertensive patients on pharmacological treatment, inverse relationship was found to exist between NaLiCT and the glucose disposal rate, but no such correlation was found in normotensive controls. 16, 17 However, in the present study, men with a well-defined family history of hypertension and a decrease in peripheral insulin stimulated glucose uptake did not differ in NaLiCT activity from controls. The familial hypertension group manifested higher stimulated insulin response to a glucose load, which should result in stimulation of the plasma membrane Na + -H + exchanger. [31] [32] [33] [34] NaLiCT has been suggested to represent the functional mode of Na + -H + antiporter. 37 It may be that insulin resistance per se, when not associated with a definite disturbance in glucose metabolism and increase in basal insulin concentration, is not correlated to increase in NaLiCT activity. Another explanation is that the relationships studied are too weak to be detected in relatively small groups such as those studied here. The coefficients of correlation between NaLiCT and metabolic factors found in epidemiological studies are in the order of 0.1-0.3. Although the involvement of genetic factors has repeatedly been demonstrated, the involvement of a major gene has been claimed to explain only about one-third of the variance in NaLiCT activity, whereas polygenes and experimental factors have been suggested to account for the remainder. 38, 39 Nevertheless, initially there was optimism about the possibility of identifying a marker of hypertensive predisposition that would be suitable for use on an individual basis. However, the present findings provide little support for such optimism, as the group studied here was characterised by the presence of two of the factors associated with increased NaLiCT, ie, hereditary hypertension and insulin resistance, and yet they did not differ in NaLiCT activity from those without hereditary hypertension and with better insulin sensitivity.
In this study we have used the method for analysing NaLiCT activity originally described by Canessa and co-workers, 7 and the one most frequently used in studies of NaLiCT, for example in large epidemiological studies such as the Gubbio Population study 13 and the Utah study. 8 Recently, however, there has been some controversy concerning the appropriateness of the method for determining the V max of NaLiCT across the red cell membrane. The method is based on the assumption that concentrations of external sodium approaching physiological levels are sufficient to saturate the external sodium binding sites, resulting in the transporter achieving its maximal turnover rate. It is now obvious that this is not the case in certain individuals, whose V max will accordingly be underestimated. 40, 41 One factor that interferes with the kinetics of NaLiCT seems to be insulin. 42 Incubation with insulin increased the K m for Na + , which increases the V max to a point where the antiporter is not saturated, and consequently the V max is underestimated. Moreover, in normal subjects, postprandial K m values have been found to be significantly higher than fasting K m values. Thus, in individuals with high insulin concentrations, V max might be underestimated with the original method, and a better approach might be to determine the K m for Na + . In the present study, as all participants had fasted for at least 10 h, and the fasting insulin level was the same in both groups, there was little risk of falsely low values in the familial hypertension group.
Another issue which has been the subject of discussion is the use of magnesium in the medium, since magnesium has been suggested to interfere with the sodium-potassium co-transport, which in turn interferes with the lithium leak in sodium-free but not in sodium-rich media. 43 If the influence of the sodium-potassium co-transporter differs between Controls and Relatives, this might have prevented a difference in NaLiCT being found between the groups. The fact that magnesium also seems to interfere with the membrane effects of insulin 44 is less likely to have affected the result, since the insulin level was the same in both groups.
The relationship between NaLiCT activity and the renin-aldosterone system has been investigated in several studies, though most studies have failed to show the existence of any significant relationship (for review see reference 45) . Similarly, in this study we found no correlation between plasma values of renin or aldosterone and NaLiCT, or between NaLiCT and atrial natriuretic peptide or parathyroid hormone levels.
Increase in the intracellular calcium concentration has been proposed to be the mechanism responsible for insulin resistance. 46 [Ca 2+ ] i in adipocytes has been demonstrated to be increased in obese women, as compared to women with normal weight, and the insulin stimulated increase in Ca 2+ was blunted in the obese subjects. 47 However, neither in our former study of postmenopausal women including subjects with glucose intolerance, nor in the present study, did we find [Ca 2+ ] i in platelets to differ between the groups, or to manifest correlation to the degree of insulin resistance or to the insulin concentrations. In the present study [Ca 2+ ] i was shown to be correlated to body weight in the control group, a finding consistent with those of Draznin and co-workers, 47 and to fat distribution both in the familial hypertension and control group. We were unable to confirm the correlation between a low insulin sensitivity and a high intracellular calcium concentration found by Ohno and co-workers in a small series of relatives of hypertensives, though that study was not entirely comparable as neither the waist:hip circumference ratio nor physical fitness were measured. 48 To sum up, we found no evidence that either NaLiCT or [Ca 2+ ] i is a marker of low insulin sensitivity in younger men with a family history of essential hypertension. [Ca 2+ ] i is correlated to the waist: hip circumference ratio, a measure of abdominal body fat distribution.
